Introduction
============

Thrombophilia increases the risk of venous thrombosis, but is rarely responsible for aortic thrombosis. Aortic mural thrombus (AMT), although rare, is a non-aneurysmatic and non-atherosclerotic thrombus of the aortic wall, which can develop in association with primary endothelial disorders, inherited hemostatic disorders, or malignant tumors, or as a complication of heparin therapy^[@bib1])^. The most frequent risk factors for the development of AMT include hypercoagulable states or thrombophilic conditions, such as factor V Leiden mutation and protein C deficiency^[@bib2])^. Congenital protein C deficiency plays a major role in causing AMT, particularly in neonates and infants^[@bib2],\ [@bib3])^. AMT in adults may be associated with protein C deficiency either due to congenital genetic mutation or secondary consumption^[@bib1],\ [@bib4]--[@bib6])^. Because AMT in adults may also be related to malignancy-associated hypercoagulable states, it is necessary to determine the precise mechanism(s) causing AMT in individual patients^[@bib6])^. In addition, various non-cardiogenic thrombo-embolic events can occur in patients with AMT^[@bib7])^. This study describes an elderly woman who was incidentally found to have AMT in association with a congenital protein C deficiency.

Case Report
===========

A 77-year-old Japanese woman was hospitalized for nausea/vomiting resulting from strangulation ileus caused by ileal adhesion to the bladder diverticulum. Computed tomography angiography (CTA) on admission incidentally revealed AMT in the descending aorta. Regarding the characteristics of AMT, the size (diameter) of AMT site was 30--32 mm while that of the proximal and distal part of descending aorta was measured 30 mm each. Thorough examination ruled out the possibility of aneurysm; however, we noted some evidence of mild atherosclerosis (**[Fig. 1](#F1){ref-type="fig"}**). At the age of 68 years, she had been treated for acute heart failure due to aortic and mitral valve regurgitations, but CTA was not performed at that time. Therefore, it was unclear whether her AMT was acute or chronic. Her systolic blood pressure had been controlled and maintained at around 120 mmHg with use of calcium antagonist/angiotensin II receptor blocker. Her family history (including her mother, three siblings, two children, and two grandchildren) showed no evidence of thrombo-embolic episodes, except for her father who died of brain infarct in his 40s. Her pregnancy/parity history was uneventful, and she had no history of coronary heart disease, thrombo-embolic episodes, bleeding tendencies, any malignancies, diabetes mellitus, or collagen disease. Laboratory data on admission were as follows: White blood cell count, 9,900/µL; hemoglobin (Hb), 13.9 g/dL; platelet count, 147,000/µL; serum C-reactive protein, 0.02 mg/dL; creatine kinase-MB, 19 IU/L; aspartate aminotransferase, 16 U/L; alanine aminotransferase, 15 U/L; lactate dehydrogenase, 233 U/L; total protein, 7.4 g/dL; albumin, 4.2 g/dL; blood urea nitrogen, 22.8 mg/dL; creatinine, 0.70 mg/dL; triglyceride, 172 mg/dL; LDL-cholesterol, 76 mg/dL; HDL- cholesterol, 62 mg/dL; blood glucose, 132 mg/dL; HbA1C, 5.7%; and troponin, \< 0.03 ng/mL. The patient\'s coagulation/fibrinolysis and thrombophilia-related data are summarized in **[Table 1](#T1){ref-type="table"}**. As shown, the patient had elevated levels of fibrin degradation product (FDP), D-dimer, and thrombin-antithrombin complex (TAT), indicating her hypercoagulable or thrombophilic condition. Assays of protein C showed 54% activity and 42% antigen relative to normal, indicating that her AMT was associated with a protein C deficiency. To determine if this deficiency was congenital, we sequenced her protein C gene. All interventions were in accordance with the Declaration of Helsinki; the study was approved by the Institutional Review Boards of Uji-Tokushukai Medical Center and Kanazawa University Graduate School of Medical Science. The patient provided written informed consent. The sequencing results identified a heterozygous mutation of c.1268delG, p.Gly423Valfs\*82 in exon 9 of the protein C gene, according to the current nomenclature. This mutation was originally described as protein C-Nagoya^[@bib8])^, which is relatively common in Japan^[@bib9])^. Thus, this patient with a congenital protein C deficiency developed AMT very late in life.

![Enhanced computed tomography (CT) showing a mural thrombus in the descending aorta (arrows). (A) Sagittal view, (B) axial view.](jat-27-100-g001){#F1}

###### Coagulation/fibrinolysis and thrombophilia-related studies

  ----------------------------- ------ ---------------------------------- --------
  PT (80--100) %                104    Protein C activity (70--100) %     54
  PT-INR (0.9--1.1)             0.98   Protein C antigen (70--150) %      42
  APTT sec                      26.5   Protein S activity (70--160)%      78.3
  APTT control sec              27.7   Anti-thrombin (80--130) %          104
  Fibrinogen (200--400) mg/dL   492    PLg antigen (9.1--14.5) mg/dL      14.7
  FDP (\< 2.5) µg/mL            14.7   ACL-IgG (\< 9) U/mL                3
  D-dimer (\< 1.0) µg/mL        9.0    LAC (\< 7.9) sec                   −0.9
  Total PAI-1 (\< 50) ng/mL     33     Homocysteine (5.1--11.7) mmol/mL   19.5
  TAT (\< 4.0) ng/mL            4.9    ANA (\< 40)                        \< 40
  PIC (\< 0.8) µg/mL            1.4    MPO-ANCA (\< 0.5) IU/mL            \< 0.5
  Factor II (66--118) %         122    PR3-ANCA (\< 0.5) IU/mL            \< 0.5
  Factor V (73--122) %          121    Factor IX (67--152) %              129
  Factor VII (54--162) %        116    Factor X (58--200) %               94.5
  ----------------------------- ------ ---------------------------------- --------

Abbreviations; TAT = thrombin-antithrombin complex, PIC = plasmin *α*2 plasmin inhibitor complex PLg = plasminogen, ACL = anti-cardiolipin, LAC = lupus anticoagulant, ANA = anti-nuclear antibody, ANCA = anti-neutrophil cytoplasmic antibody, Values within bracket indicate references.

Discussion
==========

It is necessary to differentiate AMT from subacute or chronic aortic dissection^[@bib10])^ using imaging methods such as CTA, magnetic resonance angiography and, if possible, transesophageal echocardiography. In addition, hemodynamic stability should be evaluated. Our patient was incidentally diagnosed with AMT by CTA, in association with determination of stable hemodynamics. Because of her age, it was likely that AMT was associated with mild atherosclerosis, not with a healthy aorta. Nevertheless, her thrombophilic condition resulting from congenital protein C deficiency may have played a major role.

A limited number of reports are available to date about the aortic thrombus associated with deficiencies in protein C or protein S in adults^[@bib1],\ [@bib4]--[@bib6],\ [@bib11])^. Causes of protein C and protein S deficiency were not clearly stated in all these reports. It was thought that the clinical persistence of protein C deficiency after surgical removal of thrombi may suggest a genetic impairment rather than consumption. Congenital protein C deficiency was mentioned in 2 reports; in a 49-year-old man with an arterial thrombosis^[@bib11])^ as well as in a 54-year-old man presented with a mobile aortic thrombus and splenic infarction^[@bib4])^. However, in other 3 reports, it was unknown if protein C or protein S deficiencies were congenital or secondary; in a case of 48-year-old woman with multiple aortic thrombi with protein C and protein S deficiencies^[@bib1])^, in a case of 39-year-old woman with a floating thrombus in the ascending aorta with protein C deficiency^[@bib5])^ and in a case of 70-year-old man with adult AMT with protein C deficiency^[@bib6])^. Thus, we think it is worth to report our case of AMT due to congenital protein C deficiency at the oldest age of 77 years.

To date, few molecular genetic studies have assessed for protein C deficiencies in adult patients with AMT. Our patient was incidentally diagnosed with an aortic thrombus in association with an isolated protein C deficiency, without episodes of embolism in the central nervous system or heart. No other risk factors for AMT development were found. Genetic sequencing made us possible to directly confirm that her protein C deficiency was congenital.

Regarding the late onset of congenital disease, one example is familial hemophagocytic lymphohistiocytosis (FHL), for which many late onset cases were described including a case of a 62-year-old patient^[@bib12],\ [@bib13])^. In FHL, gene mutation types (missense/nonsense) as well as various environmental factors are assumed to play a role in its disease manifestation. In congenital protein C deficiency, data were limited and only a few late onset case reports have been found as mentioned above. Thus, it remains unknown why patients develop the disease at different ages and in different blood vessels (venous or aortic). In analogy with FHL, various factors such as surgical stress, infection, dehydration, or atherosclerosis (as noted in this case) could be responsible for the development of thrombosis with underlying congenital protein C deficiency.

In determining the treatment of AMT in this patient, we were hesitant to perform surgery intervention because of her stable hemodynamics and lack of symptoms. However, surgical intervention is recommended in patients with persistent thrombi and recurrent embolisms^[@bib14])^. We also discussed the administration of direct oral anticoagulants; however, it is currently not adaptive for aortic thrombosis. As a result, we chose a close follow-up without any medication.

In summary, the aorta should be included in the organs at risk in patients with thrombophilc conditions. The pathogenesis of aortic thrombus must be carefully evaluated, even in elderly patients. Genetic studies are required if AMT is associated with a protein C deficiency.
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